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RADIATION AND TEMPERATURE OF THE SUN

sELSa: 523.7

OSCILLATIONS OF THE SOLAR CONSTANT !

General statement.—When we now take under con-
sideration the question of the oscillations of solar radia-
tion it can be, from the astronemical point of view, only
a matter of investigating the changes in radiation that
have their origin in the sun. There is, therefore, in
the first place a question whether all disturbing influences
are thoroughly eliminated in the observational material
at the present time. 1In so far as this i3 not the case
such oscillations in solar radiation aflord occasion for a
series of interesting meteorological phenomena, upon
which we naturally can not enter in this manual.

Apart from rather short series of observations from
Potsdam, Davos, Helwan, Warsaw, Upsala, and Pavlovsk,
almost all of the available data are due to the work of the
Smithsonian Institution. Through this unusual circum-
stance it results that in a statement of the problem there
appear on one side a great number of writers who raise
objections to the reality of the oscillations, and to whom
there is opposed only one defender. Despite this there
will be an attempt to give an objective survey of the
present status of the problem.
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FigURE 13.-—March of the mouathly means of the solar constant from October, 1920,
to November, 1924. (Mean values from Montezuma and Harqua Hala}

Long-period oscillations. Yearly and monthly means.—-
The first statements which express a suspicion of a change
in solar radiation, based on a rather long series of obser-
vation, originated in the year 1903. L. Gorczynski 2
demonstrated for the Warsaw observations a decrease
in solar radiation from May, 1902, to the end of the year
1903, in agreement with the results reached by Ch.
Dufour * in Switzerland. According to S. P. Langley !
the decrease in radiation at the end of March, 1903,
amounted to 10 per cent of the previous value.

If we now follow up the values of the solar constant
that were obtained in America, first by Langley and later
by Abbot, it appears without doubt that the amplitude
of the long-period oscillation decreases materially in the
course of the vears, with the exception of the vear 1912
in which the anomaly is due to the eruption of IKatmai.
During the same time there was success in attaining

o The original numhering of the figures is followed.
gngStrahlung und Temperalur der Sonne. Hundbuch der Astrophysik. Band IT. Berlin,
1

3 Comptes Rendus. 133. (1904.) p. 255,
3 Comptes Rendus. 136. (1903.) p. 712.
¢ Astrophysical Journal. 19, (1904.) p. 303,

By W. E. BERNHEIMER

considerable advance in refinement of methods of
observation.

In considering the observed oscillation of the solar
constant a differentintion must be made between those
longer periods, which manifest themselves in the march
of the yearly and monthly means, and those of a short-
period nature, which show oscillations in the results of
measurements within the course of a few days.

The observational data are, indeed, still too scant for a
decision as to vearly oscillations. The long series of
measurements from 1905 to 1920 on Mount Wilson
couid be undertaken only during the summer months,
Observations throughout the year began at Calama in
1918 and et Harqua Hala in 1920, and their provisional
results are now available to include the year 1924.
Relative to the yearly march of these measurements it
is generally assumed that:

1. The yearly means of the solar constant show a
march with sun spot frequency in the sense that the higher
solar constant values are observed in the years of in-
creased solar activity. The degree of the relation for the
years 1905 to 1917 can be represented by the following
correlation: ®

r=+4+0.627 £0.124

2. In the year 1922 the yearly means of the solar
constant show & noteworthy decrease (manifest also in
the monthly means in fig. 13); the newly obtained value
is maintained even up to 1924. - Relative to the reality
of this decrease there is argument in a recent investigation
by C. G. Abbot,® following which a change in reduction
scale did not take place.’

Many have expressed doubt as to this. T. L. Ecker-
sley ¥ 1n 1914, and soon thereafter H. Knox-Shaw,?
mainly on the basis of observations at Helwan, expressed
the suspicion of a relation between the derived solar
constant values and the transmission coefficients. As
the cause there is pointed out the changing trans-
parency of the air during the individual series of bolo-
metric readings as is especially perceptible in the morn-
ing hours. Such variations were observed by G. Muller
and E. Kron;'" also by A. Bemporad.!' Similar objections
to the authenticity of solar constant variations have
been raised by F. Biscoe,”” N. N. Kalatin,”® and E. Stenz.
G. Granquist ' gave special attention to this question
and diselosed especially for the Mount Wilson values for
1905-1908 and 1909-1911 a relation between solar con-
stant and transmission coefficient. In 1924, W. E.
Bernheimer ** investicated all of the Mount Wi'son
data, especially the moenthly means from 1905 to 1920,

5 A, Aungstrom, Geografiska Annaler. 1921, p. 162

\ y See also W. E. Bernheimer,
Seeliger-Frstschrift. 1424,

t Gerlunds Beitrdge, 16, (1927.) p. 34.
T NOTE.—See (*. G, Abbot. A group of Solar Changes. Smithsonian Miscellaneous
Collections. Vol. 80. No, 2. (1427, On page 6, Table 2 gives corrections to apply

to solar constunt values to bring them to the NMount Wilson scale of 1905-1920. From
Jan. 1, 1423, to Jan. 1, 1924, it varied between +0.020 and +0.010; and between Feb. 1,
1924, and Apr. 30, 1925, between —(L.062 and +0.008.
f Helwaon Ghsery Bulletin No. 14, 1914,
1 Cthservator Bulletins Mos. 17 (1815), 23 (1921), and 30 (1924).
m {oAstropihysilalisches Obgereatorivim) Publikationen, 23, Wr. 64, 1912,
¢ della Socledu degll Spottroscoposti Ialiani, 6. 1921,
1 Astrophysical Journal, 46, (1917.)  p. 355,
18 Nachrichlen des physikulischen Hauptobservatorivms, Petrograd. 1.
Y Circutaires.  Qbsereatuire de Cracovie, 15, 1923,
U Meddelunden fran Velenskapsakademiens Nobelinstitut. 5. Nr. 1919, and Kosmos
Fysiela Uppsateer, Seenska Fysiker-Samfundel, Stockholm, 1921,
1 Seeliger Festechrift. 16924, p. 452,

Nr. 2, 1920,
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and was able to show that for the entire period such a
relation is to be demonstrated. This relation is repro-
duced in Figure 14.

Later 1nvest1crat10ns by C. G. Abbot ' seek to establish
the usefulness of the Mount Wilson values, but they
reveal, meanwhile, that the measure of the oscillation
ob<e1ved there is reduced to half value. These results
obtained by Abbot are represented in Figure 15. In
similar manner the latest, as vet unpubhahod monthly
means for Montezuma have been evaluated. We shall
return later to the new process of *‘Selected Pyrheliom-
etry”’ introduced for application in this evaluation.

The state of affairs becomes considerably complicated
in that not only do there result relations between the
monthly means of the solar constant and the transmission
coefficients, but, according to the investigations of C. T,
Marvin,® there \tmmht“av appears in the monthly
means a regular march that can be referred only to
atm quheli(‘ nfluences.

The data from Mount Wilson used in Figure 14 (excep-
tion being made of those for the years 1912 and 1913 m
order to avoid the unusual disturbance due to the Katmai
eruption) are those treated by Marvin. He arranges the
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FIGURE 14.—The relation between monthly means of the solar constant and the syn-
chronous transmission coeflicients observed on Mount Wilson in the period 19051920
(after Bernheimer)

monthly means of all years continuously and plainly
finds a period in the solar constant depending on the
season. Singularly, the so-called definitive values of the
solar constant show, after the application of the water
vapor correction, the yearly march as still more pro-
nounced.

This unexpected result would argue that the water
vapor correction is not only insufficient, but even influ-
ences in an unfavorable sense the radiation values ob-
tained after extrapolation. For the explanation of this
special question still more exhaustive investigations must
be set on foot. Also in the bolographic measurements at
Calama from 1918 to 1920 there appears a dependence
of the solar constant on the season of the year; this is
indicated, however, only in a moderate measure. This
series can, therefore, be looked upon as the best and least
distorted. In later years the effect enters again in full
force, just as on Mount Wilson. Here it is a question
of the monthly means from pyranometric measurements
at Calama and Montezuma from 1919 to 1924, repre-

17 Popular Astronomy. 34. (1926.) p. 57, MnNTHLY WEATHER REVIEW. May,
092

18 M ONTHLY W EATHER REvVIEW. 53. No.7. 1925,
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sented in Figure 16. This is all the more remarkable
since these results are based on observations according
to the so-called *“Short Method,”” a method that in and
of itself should lead to 11101ea\ed accuracy.

As 1s seen from Figure 16, Marvin could easily represent
the march of the monthlv means by a sine curve. The
clearly defined \F' asonal effect is manifested in that the
month Iy means of the solar constant were observed to be
higher in the summer condition (September to February)
and lower in the winter condition (Mareh to August) of
the atmosphere.

Relative to the monthly oscillations of the solar con-
stant a sumunarization may be made to-day about as
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FusURE 15.—July observations on Mount Wilson in the period 1910-1920. Observed
ascillations of the solar constant according {o the old method and results according to
1lie new process of * Selected Fyrheliometry™ compared with sun-spot frequency
{after Abbot)

follows: A number of writers have demonstrated a
dependence of the monthly means of the solar constant
on transmission coeflicients, thus on the condition of the
atmosphere at the time. These observations are con-
firmed by Marvin, who discloses the meteorological
cause of this dependence. This fact, however, gives no
explanation for the entrance of errors into the extrapola-
tion. So far it is only known that in the bolographic
determinations on Mount Wilson careful consideration
of water vapor absorption intensifies the inaccuracy of
the extrapolation. Then the pyranometric measure-
ments (in which, as is shown later, changes in the con-
dition of the air during a day probably no longer produce
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FIGURE 16.—Maonthly means of the solar constant from observations on 1,030 days from
July, Git9, te Jnly, 924, (Pyranometric measurements at Calama and Moatezuma)

disturbing influences on the solar constant) show unequiv-
ocally relaticns to the atmospheric processes. Pyranome-
trie values were used exclusively, however, in Figure 16.

On the other hand it must be emphasized that changes
in the solar constant come to light plainly from year to
year. (See, {or example, fig. 13.) These changes must
naturatly he smoothed out in Marvin's method of form-
inz pwntnlx means for a group of years.  Although, after
consistent verifications, the monthly means of the con-
stant, in so far az they have been published, can by no
means be viewed as true values of extraterrestrial radia-
tion, vet, doubtless, if the elimination of the influence
of the earth’s atmosphere should be attained, there may be
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a remaining oscillation, which is greater than the error
of observation and has its origin in the sun itself.
Short-period oscillutions.—The difficulties that exist
relative to an objective verification of long-period oscilla-
tion of the solar radiation are naturally accentuated in the
review of changes in the results of measurements from
day to day. In the monthly means the short-period
oscillations, which are to be referred, at least in part, to
instrumental inaccuracies and atmospheric disturbances,
are smoothed out, so that in them and still more in the
vearly means important changes stand forth more
clearly. So long as the short-period oscillations showed
such great amplitudes that the percentage errors of
determination were considerably exceeded, as was the
case in the first years of observation, a decision appears
easier. But in the course of time the daily oscillations
have become steadily smaller, a circumstance to which
F. Linke,® W. E. Bernheimer,”® and C. ¥. Marvin * have
called attention. In the main the writers give refine-
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TaBLE 1.—Relation belween the monthly means of the solar constant
and the frequency of sun spots

Num- Correlation be-
Period ber of Station twl:;en montéxly

values eans an
spot frequency

r=

1905 60 1920 Lol 71 | Mount Wilson_...| 0. 4150, 086
118 to 1920, o .. 24 | Calama__._______. —0. 1520, 134
October, 1920, to September, 1922_ 24 | Harqua Hala..____ -+-0. 3263-0. 124
5 SR 12 | Montezuma.__.____. —0. 209:0. 184

On the question of the reality of these monthly means
it is to be remarked that it appears as granted when, as
already set forth, we have here before us values that
actually represent the amount of the solar energy at
given times, and so are completely freed from the influ-
ences of the earth’s atmosphere.

A representation, after Marvin, of values measured on
almost 2,000 days in the years 1902 to 1919 is given in

ment of the process of observalion as the cause. Ac- Figurel7. Among otherthings there are noted the marked
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F1GURE 17.—Oscillations of the solar constant from the begi

cording to C. G. Abbot,” who very recently establishes
the continuous decrease in the oscillations, it lies pri-
marily in the fact that the latest stations work under far
more favorable conditions.

So far as the monthly means of the solar constant are
concerned the available material is considerably greater.
As with the yearly means so with the monthly means, it
is frequently assumed that a decided change is to be noted
with sun-spot frequency and, indeed, in the same direc-
tion. This relation, however, seems not to be certain, as
appears from an investigation by W. E. Bernheimer.?
To be sure, there results for the Mount Wilson values
the expected positive correlation, but with the new
stations it becomes infinitesimally small, and shows, as
can be seen in Table 1, in part even an indication of

an opposite relation. Additional data are, therefore,
still necessary.

10 Aeieorologische Zeitschrift. 41. (19..4) p. 4.

0 Verlag von Julius Springer. 59. 1924,

2 MONTHLY WEATHER REVIEW. 53. No.
1 Qerlands Beilrage. 16. (1927.) p. 344,
2 Seeliger-Festschrift. 1924,

. 1925,

nning of observations in 1902 to the end of 1919 (after Marvin)

oscillation that began in 1912 incidental to the Katma
eruption, the persistent decrease in oscillation from year
to year, and, especially, the striking diminution in osecil-
lation after the middle of 1919, coincident with the intro-
duction of pyranometric measurements.

The decrease is given statistically in Table 2.

TaBLE 2.—Oscillations of the daily values of the solar constant in the
different years of observaiion. The scatler is represented as the
probable error in a single day, expressed in percentage of the average
value for the whole period, 1.94 g. cal. em.”® min.1

Num- | Amount
Yeuar Station ber of of

days | scatter

Per cent

1909 . 06 1.3
1912 100 2.2
1913 86 17
1918 __ 86 L4
1918 ool . 116 Y
1919 _. 131 8]
19190 ... 333 .52
January to April, 1922_ 452 .49
1922t0 1924, .o ______ | 842 .41
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The introduction of pyranometric measurements, a
process that is designated as the ‘“Short Method,”
really indicates an important advance. Hitherto the
transmission coefficients have been derived bolographically
for different wave lengths only in unlike air masses, that
is at different times in the course of a day. The series
of objections previously made applies to this. The new
process makes it possible to obtain the transparency of
the air with a single observation when the brightness of
the sky H is measured with a pyranometer in the im-
mediate vicinity of the sun and in addition the water
vapor correction p/p,. is determined, as previously, by
the measurement of the band psr. Then the measure
of the prevailing transparency is:

F=Hp,[p

After the relation of H to the transmission coeflicient
has been determined empirically for a rather long series
of observations, a single measurement suffices for the
determination of the solar constant. The last circum-
stance is a disadvantage to the method since by it there
is established a certain connection with the earlier
process.®

A substantially higher degree of accuracy results from
these pyranometric measurements. As shown above,
there accompanies their introduction a further decrease
in daily oscillations, a circumstance that argues against
the reality of variability.

As Bernheimer?® has shown from the Montezuma values
for 1921 and 1922, the disturbing influences of the earth’s
atmosphere strangely appear to be not yet fully eliminated
even in the pyranometric results. This is confirmed by
Marvin’s * investigations of all the data from the same
station extending up to 1924. (See fig. 16.) It is to be
assumed that the latest, as yet unpublished, results will
involve a better extrapolation since Abbot 7 has now
introduced a new expression for the function ¥:

_Hy
P

where P denotes the pyranometric measurement and ¢,
the measurement of the area of the so designated water
band. If it is then assumed that the influence of the
earth’s atmosphere is fully eliminated there yet remains
the difficulty, raised first by Linke * and later by Marvin,
that the oscillations from day to day (which, in the
average of 1,400 individual cases, amount to 0.0117 g. cal.
em.”? min.”!, or 0.60 per cent of the mean solar energy
per year) just equal the order of the accuracy of the
pyranometric measurements.

Nevertheless, short-period oscillation can not, for this
reason, be denominated generally as impossible. In line
with a remark by Abbot # it can be sald that, although
the average departures from the mean of a long series are
small, it 1s still possible that isolated decided departures
are not accidental, but real. Simultaneous measure-
ments at two places appear to be especially suited to the
examination of such exceptional cases.

Oscillations on the basis of simultaneous measurements
at different places.—The relation of simultaneous solar
constant measurements was first investigated by Kron,
who found a correlation:

r=+0.508+0.071

F
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between the results at Mount Wilson and at Bassour,
Algeria. For 106 common days in the period 1918-1920
Abbot * finds:

r=+0.491+0.500

Clayton > and Linke® also investigated these data.
The latter remarks that the relation appears less pro-
nounced only in 1920. In general it can be said, however,
that the results up to 1920 show a remarkably concordant
march in the simultaneous values of the solar constant.

It is curious that a striking change in the relation occurs
in 1921, when for the first time observations are available
for all months from the climatically favored stations at
Montezuma and Harqua Hala. For the year 1921
Bernheimer 3 finds:

r=+0.294+0.083

It is difficult to give an explanation of this phenomenon
unless it is assumed that the observed oscillations of
short-period nature are not real because they do not
come to light simultaneously at two places. In Figure
18 are reproduced the measurements for 1920 and 1921,
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FIGURE 18.—Synchronous values of the solar constant at Montezuma and Harqua Hala
(after Bernheimer)

In this the smaller circle include departures up to 1 per
cent and the larger circle those up to 2 per cent of the
mean value. This material as well as the latest results
to November, 1924, inclusive, have been investigated by
Marvin 3 and, in particular, by Kimball?*® They arrive
at the same resuit reached by Bernheimer in that they
demonstrate a further decline of the relation. Thus
Kimball finds:

TABLE 3.—Correlations between determinations of the solar constant
at Montezuma and Harqua Hala

Num-
Period ber of | Correlation
days
\ re
October, 1920, to March, 1922 oL I 99| +0.34140.060
April, 1622, to July, 1923. - ..l | 106 | +0.18 =£0.063
August, 1923, to November, 1924 .o 1193 | 40.17 ==0. 045

U Sﬁelliiger-Festachrift. 1924, p. 4251l
u Ibid.

% MONTHLY WEATHER REVIEW. 53. No, 7. 1925.
17 Gerlands Beitrdge. 16. (1927). p. 344,

% Meteorologische Zeitschrift. 41. (1924.) p.79.

1 Qerlands Beitrdge. 16. (1927.) p. 344.

® Verlag von Julius Springer, 49. (1914.) p. 68.

a1 Annals of the Astrophysical Observatory of the Smithsonian Institution. Vol. 14,
922

2 World Weather. 1923. p. 218.

3 Afcteorologische Zeitschrift. 41. (1924.) p. 74.

W Seeliger- Festachrift. 1924. Dp. 469.

:: %%NTHLY WEATHER REVIEW, 53. No.7. 1925,
id.
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These results, too, argue very strongly against the
reality of short-period Obcﬂlatlons On the other hand,
consideration must be given as follows: Of course, in the
dissection of the data “alone an oscillation from dav to
day is investicated, while oscillations of longer period do
not come to light. Thus, if the whole period from April,
1922, to November, 1924 (aee fiz. 13),is considered, there
is a certain indication of a relation. When it is con-
sidered that in this period solar constant values were
obtained on 827 days, of which only 299 were conunon
to both stations, the data are, in the first place, rather
scant.

This circumstance, also, renders more difficult the
decision as to the reality of the extreme values previously
mentioned. In the 827 days a value helow 1.900 g. cal.
em.™ min.”! was measured thirty-six times, but onl\ on
6 of the common days; extreme values above 1.940 ¢ g. cal,
were measured on 35 days, only 4 of which were common
to both stations. No decision as to the reality of extreme
values of this kind can be reached along this line to-day.
The addition of observations from a third station.
Mount Brukkaros in South Africa, will be a matter of
importance.

Moreover, consideration must be given to the investi-
gation of the turbidity conditions in the atmosphere,
whlch, as the Katmai years show, often extend over
wide areas of the earth. They can influence simultaneous
measurements of the solar constant even when they are
far from being so powerful as at that time. Dorno,” in
particular, has emphasized this. Widely extended
anomalous turbidity phenomena of this kind are not at
all rare, as appears from detailed investigations by
Kalatin.®® Thus there is shown, for example, an exten-
sive disturbance in the summer of 1919, observed simul-
taneously at Pavlosk, Russia, and at Davoa Switzerland.

“Selected Pyrheliometry.’ 'In view of the great difli-
culties, arising from influences of the earth’s atmosphere,
that beset the solution of the problem of extrapolation to
true values of radiation, there arises the question whether,
at least for criticism of the oscillations of solar radiation,
extrapolation shall be abandoned altogether. Marvin *
was the first to call attention to this. He finds that pyr-
heliometric observations alone give values almost without
error, from which it would be easy to obtain a true solar
oscﬂlatlon, especially when observations are made with
instruments equally well adapted and at different, en-
tirely independent points in the driest regions of the earth
and at different elevations above sea level. For {further
increase in accuracy measurements could be made simul-
taneously at each point with two pyrheliometers.

Abbot zave attention to this and, for the investigation
of oscillations in solar radiation, developed a new method
called by him “Selected Pvlhehometr 7740 Ip this there
is an investigation of the “results at Mount Wilson from
1910 to 10"0 in a second work * the investigation was
extended to the observations at Montezuma in 1920—
1926. The principle of the method can be analyzed as
follows: If it is a question of determining only the oscilla-
tions of solar radiation and if absolute values are aban-
doned, then pyrheliometric observations alone would
suﬂlce provided the observations are so made that the
dlStllI‘blno' influences of the atmosphere remain the same
at each observation.

3 AMeteorologische Zeitschrift. 36. (1919.) p. 109.

1 Grerlands Beifrdge. 15, (1926.) p. 376,

3 MONTHLY WEATHER REVIEW, 53. No.7. 1925,
10 MONTHLY WEATHER REVIEW, §4. (1926.) p.191.
41 Gerlands Beitrdge. 16, (1927.) . 344,
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Abbot chose observation days when the atmosphere
had the same transparency and moisture content.
Naturally, al=o, he combined only those chservations
with the same elevation of the sun, thus having the same
air mass.  In thiz way the changes in transparency in the
course of the dnv play no role.  In the Mount Wilson
data the investio: mn iz Hmited to the nionth of July in
order to muua.\e the trustworthiness of the results.
There was then Jeteruined the departure of a July value
=0 obtained from the mean value {for o menths of July
and a comparison was made with depsrtures of the earlier
solar constant results frem their mean value. The out-
come of this test i1s seen in Figure 15. In general there
proves to be the muareh from July to July as it has re-
sulted in =olar constant measurements. In particular it
is shown that solar constunt oscillations are reduced one-
half, as has been set forth previously.

Alzo in the measurements at Montezumas,
they are known, the process of “*Selected Pyrheliometry”
appears to pronise aucc(‘\% The results indicate a long-
period oscillation of the order of about 2.5 per cent.  The
difficulty in the employment of the method lies in ac-
tually finding a sufficient number of days on which there
is a corresponding state of atmospheric conditions. At
stations speclully favored climatically this (correspond-
ence) will be, indeed, rather the cage. To what extent
the new method can bring a clarification of the question
of the existence of short-period ascillations the future will
show. It 1s welcome that provisional results are no
longer published #nd so at the outset there w ill be sub-
mitted for discussion a complete series of final values.

Special oscillations in ultra-rviolet solur radiation.—The
results commented upon in the foregoing sections relate
throughout to observed oscillations in the total radiation
of the sun. A chief difficulty in the decision as to their
reality lay in the fact that it was a matter of relatively
small amplitude in oscillations, hence the errors of
observation were not very much different in order from
those oscillations. The problem is forthwith different
when observation is made of special oscillations which
exceed in considerable measure the order of the ervor of
observation. This, now, appears to bhe the case with
ultra-violet radiation.

After several preliminary investigations in_earlier
vears, in 1925, Abbot ** gave his attention in detail to the
question as to how far the several spectral regions share
in the observed oscillations of total radiation. In the
results for 1924 there appears only slight amplitude in
changes in total radiation; it is seen almost unifor mly in
the curve for entire energy; in the short-wave region
alone is there indication of marked oscillation. Con-
siderably more striking are the results of investigation of
data from 1921 to 1923. As is seen in Figure 13, after
high values in 1921 there follows a strong decline in 1922
with minimum to the end of 1924.  Abbot arrives at the
interesting result that this relatively strong oscillation in
the penod mentioned comes to light almost not at all m
the regions hetween A 5,000 and A 20,000. It is to be
ascribed almost exclusively to an oscillation in inereasing
degree from A 5,000 to X 3,500.

This resuit permits, indeed, a double interpretation:
Either the oscillation in the violet and ultra-violet is
real and considerably exceeds that in other spectral
regions or the oscilintions are altogether unworthy of
mention and are \umﬂutod in the short-wave region by

in so far as

(1923.) P. 25
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changes in the tlansp&rencv of the earth’s atmosphere,
especially because of ozone bands.

Tn 1926 E. Pettit ® adduced very valuable new data
for the investigation of this phenomenon. His investi-
gations consist in comparisons in intensity of radiation
at A 3,100 and at A 5,000. The measurement was made
with thermopiles, in one case through a silver fiim, in
the other through a gold film with a green celluloid filter
in front. Measurements with temporary apparatus in
four months of 1924 and a definitive series of observations
carried out uninterruptedly after April, 1925, gave a
maximum of oscillation of ultra-violet radiation at 83 per
cent. This value is reduced to 57 per cent since correc-
tion had to he applied on account of the reduced perme-
ability of the filter.** Later observations were made
without the celluloid filter.

The data available to March, 1927, have been investi-
gated in detail by Bernheimer.® If the results for 1924
are left out of consideration then observations for two
complete vears with definitive instrumental equipment
show that the highest observed measurement of oscilla-
tion amounts to only 26 per cent. In the latest publica-
tion *¢ Pettit establishes that the mareh of the oscillations
remains essentially unchanged regardless of whether the
values are determined for air mass 1 or extrapolation is
made to space outside the atmosphere, that is, for air
mass 0. This unexpected circumstance led Bernheimer
to investigate whether changes in the earth’s atmosphere
are not reflected in the oseillation. The monthly means
of ultra-violet radiation for the two vesrs have a maxi-
mum oscillation of 17 per cent and show, in fact, as
appears from Figure 20, a decided seasonal march. If
comparison Is made with the measurements that were
obtained photo-electrically at Arosa ¥ in the same spectral
region and with air mass 2.9 , there results an agreeing
yemly march, which is to be demunstmted in the same
manner also in the transmission coefficients for A 3,200.

G. M. B. Dobson and D. N. Harrison * have recognized
a vearly march in the ozone content of the air. Throneh
an investigation Pettit was able to demonstrate that his
values for ultra-violet radiation are not materially
influenced by the fact tlmt a consider abxe 5l1])p()\€‘(l
increase in ozone is assumed from the observed march of
the rays. To an increase of 100 per cent in ozone there
corresponded a diminution of only 5 per cent in ultra-
violet intensity. Pettit comes, therefore, to the conclu-
sion that the strong oscillations observed by hin are real
and have their origin in the sun.

The strong ozone effect manifests itself principally in a
spectral region that lies below that of Pettit. Hence,
there can be the opinion that the experiment by Pettit
is not conclusive. In reality it appears that the yearly
march that occurs in the ultra-violet measurements at
Mount Wilson comes out entirely independent of the
question of ozone just as (happens) in general turbidity
found with total radiation. In Flcrme 20 this (latter)
march is represented in the form of ‘the turbidity {actors
introduced by Linke.*#

According to this, high values of ultra-violet radiation
occur with eclear, winter conditions and low values with
much clouded, summer conditions of the atmosphere.
In this way there is the teruptation to assume that the
observed changes in ultra-violet radiation do not take

43 Astronomical Society of the Pacific. (1926.) P.21.
4 Popular Astronomy. 34. 1926, P.
4 Di¢ Naturwissenachaften. 18, (14
# Nationul Academy of Sciences.  Washington, Proceedings. 13, (1927.)
¢ F, W, Paul GOtz. Das Strahlungsklima ron Arosa. 1926, Springer.
# Proceedings of the Royal Society of London, 110, (1927.) P. 660
© _dAstronomische Nuchrichten. 921. (1924, ) P.o1Ry; A\Ieleoro[ogmche Zeitschrift. 41.
(1924.) P.74; Beitrdge zur Physik der freien Atmosphdre. 10. 1922.
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place in the sun, but reflect processes in the earth’s
atmosphere. On these grounds it is still premature to
enter in detail upon indicated relations of oscillations of
ultra-violet radiation to ozone oscillations produced by
that radiation and to the march of sun spots and solar
constant. This is probably all the more the case since,
as previously mentioned, according to the investigations
of Marvin the monthly means of the solar constant show
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Fizure 20.—0scillations of ultra-violet solar radiation compared with turbidity phe-
nomena in the atmosphere of the earth (after Bernheimar)
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A. Yearly march of the transmission coe!Ticient for A 3,200 {((i6tz). B. Arosa, Dece:nber.
1921, to July, 1923, ultra-violet radiation of the sum with air wass 2.9, C. Nount
Wilson-Tueson, April, 1925, to March, 1427. Mleasurement of the extrarerrestrial
ulira-violet radiation (air mass 0). D. Yearly march of the wurbidity facior of the
atmosphere for (a) Arosa and (h) Upsala.

a dependence on summer and winter conditions of the
atmosphere. A decision as to the existence of extra-
terrestrial changes in ultra-violet solar radiation could
probably be given if the investigations of Pettit were
repeated in the Southern Hemisphere. If the oscilla-
tions originate in the earth’'s atmosphere then their
march must show a phase shift of six months.—Translated

by W. W. Reed.



